2S,2′′S)-Tetrahydroamentoflavone (THA) is a typical biflavonoid. In this study, we systematically evaluated its antioxidant activity by various antioxidant assays in vitro. The IC 50 values of THA were 4.8±0.3, 743.2±49.5, 35.5±1.9, 165.7±22.8, 4.4±0.2, and 77.1±2.2 μg/mL, respectively, for superoxide (•O 2 -) radical-scavenging, Fe 2+ -chelating, Cu 2+ -chelating, DPPH• (1,1-diphenyl-2-picrylhydrazyl radical) scavenging, ABTS• + (3-ethylbenzthiazoline-6-sulfonic acid radical) scavenging, and Cu 2+ -reducing power. The average ratio value of IC 50 , Trolox :IC 50 , THA was calculated as 2.54, suggesting that THA possesses 2.54 times the total antioxidant level than the standard antioxidant Trolox. THA exerts its antioxidant activity in vitro through metal-chelating, and radical-scavenging, which is via donating a hydrogen atom (H·) and an electron (e). Its antioxidant activity can be responsible for its pharmacological effect and make it an attractive natural antioxidant.
In recent years, flavonoids in plants have attracted much attention because of their strong antioxidant activity [1] [2] [3] [4] [5] [6] . However, very few studies have been undertaken concerning the antioxidant properties of biflavonoids. (2S,2′′S)-Tetrahydroamentoflavone (THA, Figure1), a typical biflavonoid, has not been studied previously for its antioxidant activity. Therefore, the aim of this study was to investigate the antioxidant ability of THA in vitro, then further discuss its antioxidant mechanism.
Since excessive superoxide radical (•O 2 -) can cause aging and diseases [6] , •O 2 radical-scavenging plays an important role in the antioxidant properties of flavonoids. In the present study, THA exhibited stronger •O 2 radical-scavenging activity than the positive controls Trolox and BHA. The IC 50 value of THA was 4.8±0.3 μg/mL, while those of Trolox and BHA were 33.1±20.2 and 80.9±23.7 μg/mL, respectively ( Table 1 ). It is reported that Fe 2+ participates in the generation of •O 2via the following mechanism (Equation 1) [7] :
We then explored the Fe 2+ -chelating ability of THA. Our results showed that THA dose-dependently increased the chelating percentages (Supplementary Material) and the IC 50 was 743.2±49.5 μg/mL (Table 1) . Therefore, it can be inferred that THA exhibited an excellent metal-chelating ability and that metal-chelation may be an approach for THA to exert its antioxidant action. The possible mechanism for THA to bind metal cations is shown in Figure 1 [8] .
In order to study further the radical scavenging mechanism, THA was tested in the DPPH and ABTS radical-scavenging assays. Previous reports have shown that DPPH· may be scavenged by an antioxidant via donation of a hydrogen atom (H·) [9] . However, in THA, the B (B' ) ring is more reactive than either the A (A') or C (C') ring [10] . Therefore, the phenolic -OH in the B (B' ) ring undergoes homolysis prior to either the A (A') or C (C') ring to produce H·and THA·radical (Ⅰ). H·then scavenges DPPH· to generate the DPPH-H molecule and the THA· radical might transform into the semi-quinone (Ⅱ), which could further extract H·from excess DPPH· to form the more stable quinone (Ⅲ) ( Figure 2 ).
Unlike DPPH· scavenging, ABTS· + scavenging is an electron (e) transfer process [11] . In the reaction, THA produced two electrons (e) and H + cations. Two electrons are then donated to ABTS· + to form two stable ABTS molecules. Meanwhile, THA changes to the THA· radical (Ⅰ), which can also be converted to quinone (Ⅲ) in excess ABTS· + (Figure 3 ).
The fact that THA can effectively scavenge both ABTS + · and DPPH· radicals suggests that THA exerts its radical-scavenging action by donating a hydrogen atom (H·) and an electron (e).
Finally, we determined the Cu 2+ -reducing power of THA. Our data suggested that THA increased the Cu 2+ -reducing percentages in a dose-dependent manner (Supplementary Material) and its IC 50 value was 77.1±2.2μg/mL (Table1). The data suggest an effective reducing power of THA and agrees with the radical-scavenging assays mentioned above.
To evaluate quantitatively the relative antioxidant level of THA, the ratio value was defined as IC 50,Trolox /IC 50,THA . As shown in Table 1 , the ratio values of •O 2 radical scavenging, Fe 2+ -chelating and Cu 2+chelating were much greater than those of DPPH• scavenging, ABTS• + scavenging and Cu 2+ -reducing power. The great difference clearly suggested that metal-chelation plays an important role in the antioxidant activity of THA, because the former three are involved in metal-chelation, but the latter three are not. In the former three antioxidant assays, the values were higher than 1.0, which means that THA presented higher antioxidant levels in these assays. In the latter three assays, however, the ratio values were lower than 1.0, which could be partly attributed to the fact that THA has a much greater molecular weight than Trolox (543.46 vs 250.29) and the unit of IC 50 in the study was μg/mL (not μmol/mL). Nevertheless, the average ratio value (2.54) indicated that THA had a higher total antioxidant capacity than the standard antioxidant Trolox.
It has been reported that THA could inhibit xanthine oxidase [12] , which can generate ROS in the body. The inhibitory effect may arise from the antioxidant ability of the compound.
In conclusion, (2S,2′′S)-tetrahydroamentoflavone exhibits higher antioxidant levels than Trolox. It exerts this activity in vitro through metal-chelating, and radical-scavenging, which is via donating a hydrogen atom (H·) and an electron (e). Its antioxidant activity could be responsible for the pharmacological effect and make it an attractive natural antioxidant. (1 -Slope of sample/slope of control) × 100 % Fe 2+ -chelating activity: The Fe 2+ -chelating ability was estimated according to a previously published method [14] . Briefly, 1 mg/mL THA solutions (10, 20, 30 , and 40 μL) were added to a solution of 10 μL FeCl 2 (0.25 mmol/L). The reaction was initiated by the addition of 15 μL Ferrozine (0.25 mmol/L). The total volume of the system was adjusted to 100 μL with methanol. Then, the mixture was shaken vigorously and left at room temperature for 10 min. Absorbance of the solution was then measured using a spectrophotometer (Unico 2100, Shanghai, China) at 562 nm. The chelating percentage was calculated by the following formula: Where A 0 is the absorbance without sample, and A is the absorbance with sample.
Cu 2+ -chelating activity: The Cu 2+ -chelating activities of THA and positive controls were estimated by a complexometric method using murexide [14] . Briefly, to hexamine HCl buffer (pH 5.0, 30 mmol/L) containing 30 mmol/L KCl and 0.20 mmol/L murexide, 10 μL CuSO 4 (20 mmol/L) was added. After incubation for 1 min at room temperature, the reaction was initiated by the addition of 1 mg/mL THA methanol solution (0, 7.5, 15, 22.5, and 30 μL). The total volume of the reaction mixture was adjusted to 250 μL with
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Natural Product Communications Vol. 8 (6) 2013 789 methanol. Then, the mixture was shaken vigorously and left at room temperature for 10 min. It was then measured using a spectrophotometer (Unico 2100, Shanghai, China) at 485 nm and 520 nm. The absorbance ratio (A 485 /A 520 ) reflected the free Cu 2+ concentration. The percentage of Cu 2+ -chelation was defined as follows:
Cu 2+ -chelating effect (%) =[(A 485 /A 520 ) max -(A 485 /A 520 )]/(A 485 /A 520 ) max ×100
Where (A 485 /A 520 ) is the absorbance ratio in the presence of the samples, and (A 485 /A 520 ) max is the maximum absorbance ratio without any samples. Sodium citrate and Trolox were used as the positive controls.
DPPH• scavenging activity:
The DPPH• radical-scavenging activity was determined [5] . Briefly, 100 μL DPPH• solution (0.1 mmol/L) was mixed with 50 μL of various concentrations of samples (in 95% ethanol). The mixture was kept at room temperature for 30 min, and then measured using a spectrophotometer (Unico 2100, Shanghai, China) at 519 nm, with 95% ethanol as the blank. The DPPH• inhibition percentages of the samples were calculated:
Where A S is the absorbance with sample, and A 0 is the absorbance without sample.
ABTS• + scavenging activity:
The ABTS• + scavenging activity was measured [15] . The ABTS• + was generated by mixing 0.35 mL ABTS diammonium salt (7.4 mmol/L) with 0.35 mL potassium persulfate (2.6 mmol/L). The mixture was kept in the dark at room temperature for 12 h to allow completion of radical generation, then diluted with 95% ethanol (about 1:50) so that its absorbance at 734 nm was 0.70±0.02. To determine the scavenging activity, ABTS + • reagent (0.8 mL) was mixed with 0.2 mL sample (or 95% ethanol) and the absorbance at 734 nm was measured after 6 min, using 95% ethanol as the blank. The percentage inhibition was calculated as:
Where A 0 is the A 734 nm of the negative control, A is the absorbance at 734 nm of the mixture with THA, Trolox or BHA.
Cu 2+ reducing power: The cupric ions (Cu 2+ ) reducing power assay was performed [16] . Briefly, 75 μL CuSO 4 aqueous solution (10 mmol/L), 75 μL neocuproine ethanolic solution (7.5 mmol/L) and 450 μL CH 3 COONH 4 buffer solution (100 mmol/L, pH 7.0) were added to test tubes with different volumes of THA (30-50 μL, 0.4 mg/mL), then mixed vigorously. Absorbance against a buffer blank was measured at 450 nm after 30 min. Increased absorbance of the reaction mixture indicates an increase of reduction capability. Trolox and BHA were used as the positive controls. The percentage reducing power of the sample as compared with the maximum absorbance tested which appeared in BHA at 33.3 μg/mL was calculated by using the formula: (A s /A m ) ×100. Here, A m = absorbance of maximum absorbance tested and A s = A 450nm of THA, Trolox, or BHA.
Statistical analysis:
Results are reported as the mean±SD of 3 measurements; the IC 50 values were calculated by linear regression analysis, and one-way analysis of variance (ANOVA) was performed for comparison between groups. A p value of less than 0.05 was considered significant. All linear regression in this paper was analyzed by Origin 6.0 professional software.
